The aim of the study was to determine the prevalence of neonatal hypothermia and associated risk factors. A cross sectional, descriptive study of neonatal hypothermia was performed on 300 newborns consecutively recruited day and night during 2 months at a Ugandan periurban hospital. Parallel tympanic and rectal temperature measurements were made at 10, 30, 60, and 90 min post partum. Rectal temperatures taken at 10, 30, 60, and 90 min showed that 29, 82, 83, and 79 per cent of the newborns, respectively, were hypothermic. Newborns observed to have no body contact with the mother comprised 87 per cent of hypothermic newborns, whereas this was the case in 75 per cent of non-hypothermic newborns ( p^0.03). The mean birthweight was 3218 g. Low birthweight newborns constituted 9/86 (10 per cent) among hypothermic newborns, whereas this was the case in 9/209 (4 per cent) among non-hypothermic newborns at 10 min ( p^0.08). Adolescent mothers were encountered more often among mothers with neonatal hypothermia of the newborn than among non-hypothermic newborns ( p^0.025). Parity, preterm delivery, daytime or night time delivery, rupture of membranes`24 h and location of newborns in theatre, labour ward, or nursery did not differ when hypothermic and non-hypothermic newborns were compared. A persistent pattern of high prevalence of neonatal hypothermia was confirmed and indicates that more vigorous efforts have to be undertaken, also in a tropical setting, to overcome problems of non-adherence to appropriate methods for thermoprotection of the newborn.
Introduction
Thermal protection of the newborn has turned out to be a significant perinatal problem contributing to increased morbidity and mortality. 1 Simple, appropriate intervention by skin-to-skin contact or kangaroo-mother care can prevent neonatal hypothermia 2 but has been difficult to introduce for various cultural reasons in countries where HIV infection is prevalent. 3 Current hospital routines in high-income countries generally comprise skinto-skin care, although this is a rather recent development introduced in such countries only in the 1970s. 4 The problem of neonatal hypothermia has for several decades been recognized to occur also in the tropics. 5 However, neonatal care routines do not adhere to simple methods for thermal protection 2, 3 even if appropriate didactic material is widely accessible. 6 Lack of knowledge amongst health workers and mothers of simple methods to maintain the warm chain from birth has been found to be the most common factor contributing to hypothermia. 7, 8 Appropriate policies, comprising simple practices such as establishing a warm delivery room, immediate drying at birth, skin-to-skin contact, early breastfeeding, delay in bathing the newborn, appropriate clothing, warm resuscitation, warm transportation, and training/awareness, are essential to prevent hypothermia. 6 It is commonplace in tropical countries to disregard the concept of thermal protection of the newborn due to an assumed sufficiently warm climate. In addition, there is an empirical resistance among many health staff to support actively skinto-skin care due to beliefs that this may enhance HIV transmission from mother to newborn or that may it be undesirable due to lack of hygiene in the delivery room. We opted to elucidate the prevalence of neonatal hypothermia and associated, potential risk factors in order to determine the magnitude of the problem and to find ways to introduce appropriate technology to achieve thermal protection of the newborn.
Materials and Methods
St Francis Hospital Nsambya, with an annual number of 5000-6000 deliveries, is a tertiary referral hospital located in Kampala in a periurban area. Frequent audits in the hospital have been initiated in different fields to assess and improve the type of medical service given.
During a period of 2 months a consecutive number of 300 neonates were recruited for assessment of body temperature at regular intervals post partum. Pregnant women presenting in labour at the hospital were interviewed and informed consent was obtained prior to participating in the trial. Each delivery was monitored and managed according to the normal protocol in the hospital. After each birth, the newborns were assessed and the body temperature was measured in two ways: firstly, by using an infrared tympanic thermometer inserted in the left ear; and, secondly, a digital polythene-sealed rectal thermometer as previously described. 3 Measurements were performed at 10, 30, 60, and 90 min post partum and a data sheet was filled in. Hypothermia was defined as a body temperature of less than 36.5 C. Temperatures between 36.0 and 36. 4 C were defined as mild hypothermia, while those between 32.0 and 35. 9 C as moderate hypothermia, and below 32.0 C as severe hypothermia. 5 The study was approved by the research ethics committee at Karolinska Institutet in Stockholm and by the Nsambya Hospital ethical research committee.
The data was entered and analysed using the Epi-Info version 6.04 for epidemiology and disease surveillance.
Results
The mean maternal age was 24.5 years and the mean gestational age 38.5 weeks. Adolescent women comprised 18.3 per cent of all parturient women, of whom 3.7 per cent were primagravida. Ninety-five per cent of subjects were booked (Table 1 ). There were no early neonatal deaths. The caesarean section rate was 22.2 per cent and the vacuum extraction rate 3.2 per cent.
The mean birthweight was 3218 g with 6.4 per cent having a weight lower than 2500 g. Rectal temperatures taken at 10, 30, 60, and 90 min showed that 29, 82, 83, and 79 per cent, respectively, were hypothermic.
Risk factors for neonatal hypothermia differed somewhat depending on the interval from birth to temperature measurement. At 10 min, the prevalence to hypothermia was comparatively low (86/300, 29 per cent). Newborns observed to have no body contact with their mother comprised 87 per cent of hypothermic newborns, whereas this was the case in 75 per cent of non-hypothermic newborns ( p ¼ 0.03). Low birthweight newborns constituted 9/86 (10 per cent) among hypothermic newborns, whereas this was the case in 9/209 (4 per cent) among non-hypothermic newborns ( p ¼ 0.08). Adolescent mothers were encountered more often among mothers with neonatal hypothermia of the newborn 10 min post partum than among non-hypothermic newborns ( p ¼ 0.025). Parity, preterm delivery, daytime or night time delivery, rupture of membranes 424 h, and location of newborns in theatre, labour ward or nursery did not differ when hypothermic and non-hypothermic newborns were compared.
At 30 min, the pattern had changed somewhat and newborns without body contact with their mothers constituted 154/245 (63 per cent), whereas this was the case in 26/53 (49 per cent) of non-hypothermic newborns ( p ¼ 0.08). None of the other potential risk factors alluded to at 10 min differed significantly between hypothermic and non-hypothermic newborns at 30 min. At 60 min, the difference between hypothermic and non-hypothermic newborns had disappeared completely and we did not find any of the previously mentioned factors over-represented among hypothermic newborns.
At 90 min, the adolescent mothers were slightly over-represented ( p ¼ 0.02) among mothers to hypothermic newborns (51/235, 22 per cent) versus non-hypothermic newborns (3/49, 6 per cent). No other potential risk factors alluded to above showed any significant difference among hypothermic and non-hypothermic newborns at 90 min post partum.
The location of hypothermic newborns and the type of body contact with the mother could only partly explain the high prevalence of hypothermia at 30-90 min (Table 2 ). In spite of an increasing trend of maternal body contact, reaching 71.3 per cent at 90 min, there was no significant decline of hypothermia over the study period (10-90 min). This indicates that other factors, such as proper, sustained skin-to-skin care, was not adhered to, despite existing nursing care rules of thermoprotection of the newborn and despite attempts to recommend mothers to keep their newborns skin-to-skin.
Discussion
The principal finding of this study was that neonatal hypothermia occurred in eight of 10 newborns carefully monitored with tympanic and rectal thermometry post partum. Although the hospital is located in a tropical area, with room temperatures ranging between 20 and 27 C, neonatal hypothermia occurred frequently, as in other studies undertaken in tropical countries. 5, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Such loss of thermal control is potentially detrimental to the health of the newborn causing both morbidity and mortality with increased risk of infection and impaired growth being particularly harmful to low birthweight newborns. [20] [21] [22] [23] [24] [25] The high prevalence of hypothermia witnessed in this setting might be attributed to a lack of awareness and sensitization among the staff, lack of proper maintenance of the warm chain, and work overload with an average ratio of trained midwife to patient of 1:3 during daytime and even higher at night. We found that the observed separation of the newborn from the mother had a negative impact on thermoregulation of the newborn, but we could not confirm operationally relevant risk factors to act upon beyond those already recognized in the literature.
The 'gold standard' of neonatal body temperature cannot be easily settled. [26] [27] [28] The usefulness of the tympanic approach is obvious in a busy, overburdened labour ward like the one under study here. 3 Whether or not rectal temperature is more valid than tympanic temperature is unclear. The fact that tympanic temperature measurements occur close to the thermoregulatory centres of the brain 26 makes it at least as interesting as a rectal thermometry for the judgement of the body temperature of the newborn. It is also of potential value for monitoring purposes in settings with high prevalence of hepatitis B and HIV infection, 3 although availability of the equipment still might constitute a problem in low-resource settings.
The study acted as an audit on the perinatal preventive services given within the unit and demonstrated the urgent need of more information, education, and communication to providers of neonatal care and to mothers regarding simple measures for thermal protection of the newborn. There is also a need for follow-up interventions in the community to determine the magnitude of the problem among newborns delivered at domestic births. 
